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ABSTRACT
The past few years have witnessed the emergence of collaborative commerce (c-commerce), which is an information-
technology-enabled process for organizations to share data and resources, to adjust their activities, and to augment each
other’s capabilities in order to reap mutual benefit. Data quality has long been a problem that compromises the potential of
information systems, and assuring the data quality is more critical in c-commerce because of the intensive sharing of data
among  business  partners.  We  argue  that  the  conventional  data  quality  concept,  which  was  mainly  targeted  on  a  single
organization, does not sufficiently address the issue of data quality in c-commerce, and needs to be extended. This study
raises  the  issue  of  data  quality  in  the  context  of  c-commerce  and  proposes  a  conceptual  data  quality  framework  for  c-
commerce, which includes data integrity, data integration, data synchronization, data transparency, and data dynamics as five
categories. Additionally, the study discusses two data quality assurance initiatives in industry: global data synchronization
network and EPCglobal Network. The study concludes with a discussion of the business implications of data quality and
direction of future research. The study contributes to the knowledge of data quality in c-commerce, and more importantly, the
proposed data quality framework may provide a useful guideline to c-commerce practice.
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INTRODUCTION
Collaborative commerce (c-commerce) is defined as an information-technology-enabled process in which organizations share
information and resources, adjust their activities and augment each other’s capabilities in order to reap mutual benefits while
assuming common responsibilities, risks, and rewards (Chuang and Nakatani, 2004; Himmelman, 1996). While there are
overlapping areas between the boundaries of c-commerce and electronic commerce (e-commerce), the difference between c-
commerce and e-commerce is that c-commerce encompasses both joint intellectual activities and collaborative transaction
processing activities while e-commerce is focused solely on transaction processing, especially selling/buying activities.
C-commerce is driven by the globalization of the economy, competition, the need for efficient customer response, and the
advent of collaborative technology (Chuang, Nakatani and Zhou, 2006). It has recently been an issue of interests to
practitioners and academicians (e.g., Bose and Pal, 2005; EPCglobal, 2006; Fliedner, 2003; Global Data Synchronization
Network, 2006; GMA/FBI Trading Partner Alliance and A.T. Kearney, 2002; Johnson and Whang, 2002; Seifert, 2003;
Welty and Becerra-Fernandez, 2001). A report on the software market for c-commerce indicated that software for creating c-
commerce would be the next stage of growth in the enterprise application business (Bellini, Gravitt and Diana, 2001).  The
report estimated that the size of the c-commerce market would grow from $5.8 billion in 1999 to $36.5 billion in 2004.
Another report (Ferreira, Schlumpf and Prokopets, 2001) showed that about 60 percent of 356 survey respondents considered
c-commerce as critically important to their businesses in the year of 2001 – 2002 and 78 percent of companies planed to
implement c-commerce to improve supplier and customer interaction.
From literature, data (information) quality is a multidimensional concept that frequently refers to accuracy, completeness,
consistency, and timeliness (Ballou and Pazer, 1985). More dimensions of data quality from data consumers’ perspective are
also proposed (Wang and Strong, 1996). Data quality plays a critical role in information systems and has broad impacts on
society and economics (Ballou and Tayi, 1999). Ten years ago, when addressing the data quality problem of business process
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reengineering, a study already cited that it “expects most business process reengineering initiatives to fail through lack of
attention to data quality” (see Wand and Wang, 1996, page 86). Today, as more and more transactions and collaborations
occur electronically among companies, data quality issues are even more critical than before and new issues, such as inter-
organizational data standardization and synchronization, have come to the surface. Using the conventional data quality
concept, most extant literature discusses data quality under the umbrella of information system development (e.g. Ballou and
Pazer, 1985), data warehouse and data mining (e.g., Beebe and Walz, 2005), web-based information and reputation systems
(e.g., Klein, 2003; 2005), decision support (e.g., Neely, 2005), and only within the boundary of one firm or enterprise (e.g.,
Hao and Kwok, 2005). Even though some literature discusses data quality problem in business to business e-commerce, the
data quality concept used is still the conventional one (Cai and Shankaranarayanan, 2004). To the best of our knowledge,
very few studies, if not none, paid attention to those emerging data quality issues raised by collaborative activities among
business partners. We argue that in order to implement c-commerce, the conventional data quality concept needs to be
extended to encompass the new situation of c-commerce. This paper aims to fill this gap by developing a conceptual data
quality framework, which extends the conventional data quality concept to accommodate the c-commerce environment.
This paper has two purposes: the first is to extend the conventional data quality concept to capture the aspects of data quality
in c-commerce, which includes data integrity, data integration, data synchronization, data transparency, and data dynamics as
categories. The second is to investigate the initiative of c-commerce data quality assurance in industry -- GDSN (Global Data
Synchronization Network) and EPCglobal Network -- to evaluate the applicability of the proposed framework. The paper
contributes to the understanding of data quality in c-commerce, and the proposed data quality framework may provide a
useful guideline to c-commerce practice. In the following sections, we will discuss the data quality issues in c-commerce,
introduce GDSN and EPCglobal Network, give business implications, and make our conclusions.
A CONCEPTUAL DATA QUALITY FRAMEWORK IN COLLABORATIVE COMMERCE
Acuracy, completeness, consistency and timeliness are frequently mentioned dimensions of data quality (Ballou and Pazer,
1985; Tayi and Ballou, 1998; Wand and Wang, 1996), which are normally applicable to an application of computer
information systems. For example, in data quality about a product in a manufacturing information system, accuracy refers to
storing the correct facts about the product, completeness refers to storing all relevant information about the product,
consistency refers to a standard format of all stored relevant information about the product, and timeliness refers to the
current status of the product (Tayi and Ballou, 1998). However, those dimensions are not sufficient to describe the concept of
data quality in the context of inter-organizational information systems. The main purposes of c-commerce include
collaborative transaction management, collaborative supply chain management, collaborative sales and promotion planning,
and collaborative insight & product development (GMA/FMI Trading Partner Alliance and A.T. Kearney, 2002). Therefore,
in the c-commerce environment, partners need to intensively share data, which are not only accurate, complete, consistent
and timely within one organization but also standardized, synchronized, transparent and dynamic across all business partners.
The conventional four data quality dimensions, and the data consumers’ perspective data quality framework (Wang and
Strong, 1996), cannot appropriately reflect the data quality concerns in c-commerce. We extend the data quality concept in c-
commerce to five different categories: data integrity, data integration, data synchronization, data transparency, and data
dynamics as shown in Table 1.
Category Dimension
Data Integrity Accuracy, Completeness, Consistency, Timeliness
Data Integration Global Data Standard, Integration
Data Synchronization Synchronization
Data Transparency Visibility, Accessibility, Access Security
Data Dynamics Dynamics
Table 1. A Conceptual Data Quality Framework in C-Commerce
Data integrity includes the traditional four dimensions: accuracy, completeness, consistency, and timeliness. As mentioned
before, accuracy of an item means that facts about the item gathered are correct, objective and come from reputable sources.
Completeness of an item refers to the all necessary relevant static information about the item is gathered. Consistency of an
item means there is only one internal standard format to store the information of the item. Timeliness of an item refers to the
information of the item is up-to-date. Data integrity mainly concerns data quality within a single organization, and it is the
foundation of the other data quality considerations in c-commerce. The difference between global data standards and the
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consistency dimension of data integrity is that consistency only requires internal data standard within an organization, while
global data standards refer to globally accepted specifications of data representations.
Data integration means that data are readily available for business partners without manual re-entry or conversion process in
order to produce information they need from the data. Lack of data integration implies that data created by a partner is not in
a readily processable format for other partners. Thus, whenever the collaborative activity is performed, the data not in such a
form can cause the interruption or delay of the collaborative processes due to extra time needed for conversion or re-entry.
Obviously, a global data standard is the ideal precondition of data integration in c-commerce. Regional and/or proprietary
data standards have been used by many organizations and industries but are becoming cost-ineffective due to the
globalization in business. We put global data standard and integration as the dimensions under this data quality category.
Data synchronization refers to the timely and accurate update of any data within and across organizations to ensure a perfect,
consistent match of data between the owner/originator of the data and all users of the data (O'Neill and Williams, 2003). Lack
of data synchronization will also interrupt the collaborative processes. A typical example is that changes in product design
specification in one partner may not be timely conveyed to its trading partners, and therefore interrupt the collaborative
process. The essence of data integration is to create a conduit through which data scattered around different partners could be
conveyed to each other using common standards, whereas the essence of data synchronization is to convey the change in data
done by one organization to other partners in real-time. The result of data synchronization is having timely data across all
business partners, which is critical in c-commerce. For example, a decision regarding product discontinuation made by a
manufacturer needs to be conveyed to all partners in real time to avoid any unnecessary transactions of the discontinued
product.
Data transparency refers to the visibility of and accessibility to data (Zhu, 2004). There are two primary types of data, neutral
and relationship-dependent, in c-commerce. Neutral data are those publicly shared with any partners and relationship-
dependent data are those available for only a particular partner (Bowling, Licul, and Van Hammond, 2004). A company
needs to assure the level of data transparency in order to maintain the quality of data in c-commerce. In c-commerce, it needs
to assure that neutral data are always available to everyone. However, publicly available data may not be valuable or, in other
words, it does not produce any advantage to organizations. Data must be properly secured to be valuable. In c-commerce,
certain data, especially relationship-dependent data, need to be protected from unauthorized access. Data transparency also
handles an issue of information overload by making data available only to those who need it. We name it access security
(Wang and Strong, 1996).
The four data quality categories discussed above -- data integrity, data integration, data synchronization, and data
transparency -- mainly concern the static data about “objects” such as product, entities, document, or events. In most
organizations, they are now readily available in a digitized format for computer processing, storage, and transfer. However,
the location and movement of physical objects, which have not been captured in a digital format until recently, are often
needed to be addressed in c-commerce. In c-commerce, physical objects travel through many different business partners and
it is critical to know where physical objects are or who possesses them for efficient and effective collaborative activity
management. For example, in the collaborative supply chain (logistics), the identification of the location/movement of
products from one place to another improves the accuracy of fulfillment, reduces the frequency of out-of-stock, and reduces
inbound and outbound logistics costs. To accommodate this critical issue in c-commerce, we add data dynamics to our
framework, and it refers to the availability of dynamic movement information, which is the real-time location and movement
of physical objects.
C-commerce, a new type of information systems, requires sharing “quality” data among business partners. This new
phenomenon forces business organizations to re-consider what “quality” data is. Our framework extended the conventional
framework for data quality into this new circumstance by taking into account the unique characteristics of c-commerce.
INITIATIVE OF DATA QUALITY ASSURANCE IN C-COMMERCE
Ensuring the data quality (i.e., data integrity, data integration, data synchronization, data transparency, and data dynamics) in
c-commerce provides an essential technological foundation for global collaboration because companies require detailed,
accurate, up-to-date, and dynamic information about their trading partners’ products and suppliers. As the initiatives of data
quality assurance, two distinct information networks have been developed: the Global Data Synchronization Network
(GDSN) (GDSN, 2006) and the EPCglobal Network (EPCglobal, 2006).
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GDSN  is  a  global,  internet-based  network  of  interoperable  data  pools  and  a  global  data  registry  (called  the  GS1  Global
Registry) that enables trading partners around the world to synchronize accurate, up-to-date data (catalogue item and party) in
a globally standardized format (i.e. EAN.UCC XML communication standards). Here EAN.UCC standards are managed by
two international standards development organizations: European Article Numbering (EAN, now GS1), and Uniform Code
Council, Inc. (UCC, now GS1 US). GDSN provides a list of participating GS1-certified GDSN data pools and the GS1
Global Registry. The general process of GDSN includes: (1) companies prepare within their organizations a single version of
product data they want to share with their business partners, (2) companies prepare the data to match EAN.UCC standards,
(3) companies upload the data to a GS1-certified source data pool they have chosen, and the data pool verifies whether the
data meets the standard, (4) the data pool sends basic information of each item to the GS1 Global Registry, which holds this
information and the location of each item’s data pool, (5) trading partners search the GS1 Global Registry via their chosen
GS1-certified data pool for the item, and the GS1 Global Registry identifies the source data pool to let trading partners to
locate the item’s detailed information.
The first step in the above handles data integrity. Companies need to implement the concept of Product Information
Management by developing their own systems or adopting third-party software to assure that they have a single version of
accurate, complete, consistent and timely data of products in their organizations.
The second and third steps take care of data integration. GDSN gives companies a single point of contact with their business
partners regarding product information. The single item registry allows companies to share a single version of product
information with their authorized trading partners. Finally, GDNS assures that product and party data meet the standard
format.
In GDSN, data synchronization is achieved in the following way. When product information is changed by a manufacturer
through its source data pool, GS1 Registry will notify the all authorized trading partners the change to ensure that all trading
partners can use identical and up-to-date product information. GDSN can be used to partially solve data transparency
problems. A manufacturer can specify a level of transparency by selecting to whom the product data should be available. In
addition, GS1 Registry allows partners to search only products for which they are allowed to do so and they need to subscribe
the product data to have synchronization service. Once product data is subscribed, data pools perform authorization to the
data to assure data access security.
While GDSN attempts to ensure that the product information is identical, accurate, and up-to-date among business partners,
taking care of four of the five data quality categories in our framework, GDSN does not provide a mechanism to address the
issue of data dynamics. GDSN doesn’t identify single, physical product. Therefore, it does not provide single product
movement information (the data dynamic category of our framework), which is critical to supply chain (logistics)
management, to public safety in terms of product recall, to public health in terms of drug-tracking, and to customs and port
security as well.
Combining RFID (Radio-Frequency Identification) and Internet technologies, EPCglobal Network (developed by the Auto-
ID Center at MIT) has been created to provide product dynamic movement information to manage supply chains more
effectively. The Electronic Product Code (EPC) is the standardized item identifier in the EPCglobal Network. Each
individual physical item, including container, pallet, case, individual unit, is assigned a unique EPC.
EPCglobal Network contains five components. (1) EPC which uniquely identifies a specific object in motion, (2) ID System
which contains EPC tags and EPC readers, (3) EPC Middleware to process the information from readers, (4) Discovery
Services to locate data related to a specific EPC, and (5) EPC Information Service (EPC IS) which enables trading partners to
exchange EPC-related data through EPCglobal Network. In general, EPCglobal Network uses RFID tags and readers to get
EPCs and locate the information associated with the EPCs. To capture EPC, RFID tags carrying unique EPCs are affixed to
containers, pallets, cases, and individual units. Once the EPC information is captured by one of EPC readers that are located
in  many  physical  check  points  in  a  supply  chain  (such  as  a  dock  at  the  manufacturer,  a  dock  at  a  distribution  center,  a
retailer’s warehouse entry/exit point and so on), the EPCglobal Network uses Object Naming Service (ONS) (in a similar
way Domain Naming Service (DNS) on Internet works) to convert an EPC to a URL used to locate local computers which
hold the detailed information about the EPC. EPCglobal Network Information Service (EPC IS) keeps product movement
records to provide a history of individual product movement in real time. Obviously, EPCglobal Network is designed to
address the data dynamics concern in c-commerce.
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GDSN and EPCglobal Network have different goals and operating environments. GDSN ensures the quality of static data
about products among trading partners in order to facilitate collaborative transactions. EPCglobal Network provides access to
dynamic movement data for collaborative logistics. The two networks can work together to assure both static and dynamic
data quality. By integrating GDSN into EPC through commonly used identification numbering schema, they can provide not
only the dynamic information about an individual item in the EPCglobal Network, but also the static information about the
item’s product group in the GDSN data pool. In sum, the two major global collaborative initiatives are attempting to address
the five categories of data quality specified in our framework that are critical in c-commerce.
CONCLUSION
C-commerce emerges as the response to economic globalization, fierce competition, high customer demand, and the advent
of collaborative technology. To encompass c-commerce, businesses constantly launch various initiatives that would either
improve internal operations or streamline business processes across organizational boundaries. While those initiatives
generally deliver the benefits as expected, the ultimate value of such initiatives might be compromised due to data quality
problems. Data quality problems delay or interrupt the transition of one activity to another activity in a business process,
regardless of how well the process is designed. The main manifestation of the data quality problems is that the process fails to
achieve its expected design objective.
Data quality has long been a problem for information systems, and is more critical to c-commerce today. It is likely to affect
every aspect of supply chain management, customer relationship management, product development, and other collaborative
activities (Bose and Pal, 2005). Ensuring data quality as done in GDSN and EPCglobal (Auto-ID) will be the next big wave
to hit the global business. For example, UCCNET (Now 1SYNC), a US data pool capable of registering information with the
GS1 Global Registry, reports that the number of new firms increased dramatically, from about 750 firms in 2003 to more
than 3940 firms as of November 2004 (Bowling et al., 2004). And some companies already gained the benefit from GDSN:
Johnson & Johnson decreased out-of-stock by 2.5% through retail with Wal-Mart, and Procter & Gamble made
improvements in purchase order accuracy resulting in a decrease in out-of-stock items from 8% to 3% (1SYNC (Formally
UCCNET) Website, 2006).
However, ensuring data quality in c-commerce is not just an information technology initiative; it is a fundamental change in
the approach to managing data. It needs enterprise-wide effort to address the strategy of data management, integrate the
existing enterprise information systems, and coordinate with trading partners.
This paper analyzed the data quality issues in c-commerce, and indicated that the conventional data quality concept failed to
appropriately reflect the needs of the c-commerce. We proposed data integrity, data integration, data synchronization, data
transparency, and data dynamics as new data quality concepts in c-commerce. GDSN and EPCglobal Network are positive
initiatives of ensuring data quality in industries and we used their goals to initially validate the concepts of our framework.
As the data quality concept of c-commerce is still in its infancy, more research is needed in order to improve our
understanding of the new business practice. There are several issues of data quality of c-commerce that need to be addressed,
such as data quality assurance mechanisms, data quality measurement, and data quality assessment. These issues present
plenty of research opportunities for future studies.
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